The occurrence of vascular lesions in rheumatoid arthritis has been recognized for some time, but interest in them has been of a sporadic nature until recently. In the last few years American workers have published more detailed studies of arteritis in skeletal muscles, subcutaneous nodules, and synovial tissue others, 1951, 1953) . Sokoloff and his colleagues regarded the lesion in the muscles as specific, but this has been questioned by other workers (Bauer, 1950; Rinehart, 1950) . The arteritis has usually been subacute, but some observers have described appearances like those of polyarteritis nodosa (Graef and others, 1949;  Case Records of the Massachusetts General Hospital, 1951) , and occasionally an association has been noted between such lesions and treatment with ACTH or cortisone (Levin and others, 1953) . At the meeting of the American Rheumatism Association in 1953, four workers or groups of workers referred to cases of generalized arteritis in rheumatoid arthritis, and this was frequently associated with hormone therapy (Robinson and others, 1953 and subsequent discussion). Arteritis was not described in the viscera in thirty fatal cases reported before the introduction of ACTH and cortisone (Baggenstoss and Rosenberg, 1943) . Less interest has been shown in the vascular lesions of rheumatoid arthritis in Great Britain, though reference has been made to arterial lesions in nodules (Collins, 1937) , muscles and nerves (Cruickshank, 1952) , and the heart and kidney (Ellman and Ball, 1948) , and to the occurrence of polyarteritis nodosa complicating hormone therapy (West and Newns, 1953) .
No attempt has yet been made to correlate the arteritis found in muscles, nerves, and elsewhere with the cardiac lesions found in fatal cases. It is the object of this paper to present such a study in 72 cases of the disease. It will be demonstrated that (Table I) . Blocks were taken from the heart, synovial tissue, muscle, nerve, and nodule in only three cases, from four of these tissues in fourteen cases, from three tissues in five cases, from two tissues in seventeen cases, and from the heart alone in 33 cases. In 43 instances, multiple blocks were taken from the heart, using the technique of Gross and others (1930) (Fig. 1) , and in the seventh (Case 10) subacute arteritis accompanied the active rheumatic carditis (Figs 2 and 3) . Arteritis was seen outside the heart in Case only-in one of three blocks of femoral nerve. The appearances were of a healing subacute arteritis associated with thrombosis (Fig. 4) .
Group II. Cases without Evidence of Rheumatic Heart Disease.-Group I contains eleven cases of younger average age (58) than Group 1, and the rheumatoid process was active at death in half of them although of longer duration than in Group I (Table III) . Cardiac lesions other than arteritis were present in six cases, but cannot be regarded as indicative of rheumatic heart disease. The pericarditis in Case 17 and the myocarditis in Cases 2, 8, 9, and 17 were all non-specific. The endocardial lesions in the mitral ring and valve of Case 1 were those of "rheumatoid" endocarditis (Baggenstoss and Rosenberg, 1944) . Calcareous aortic stenosis, which was present in Case 17, is included in this group because of the doubt about its rheumatic basis (Clawson and others, 1938; Sohval and Gross, 1936; Karsner and Koletsky, 1947; Hultgren, 1948) .
The vascular lesions in the heart were usually seen in small arteries. They were usually found in only one of the blocks studied. The most florid changes were seen in Case 8 in the form of infiltration of all coats of the vessel with round cells (Fig. 5, overleaf) . This was most marked in the adventitia where lymphocytes predominated, whereas in the other coats the infiltrating cells were less numerous and were mostly histiocytes. The internal elastic lamina showed several defects ( Fig. 6, overleaf) , but no wholesale necrosis of tissue such as occurs in polyarteritis nodosa. The media was oedematous and both it and the intima were thickened by fibrosis. This had caused narrowing of the lumen but there was no thrombosis. Another vessel in this heart showed a later stage in the process with much fibrosis of the media, complete destruction of elastic tissue, and an organizing thrombus in the lumen. Healing arteritis was seen in several epicardial vessels in Case 17, in the form of fibrosis with distortion of the media where muscle but not elastic tissue had been lost (Fig. 7, and periarterial fibrosis, no atheroma in main coronary arteries.
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group.bmj.com on October 29, 2017 -Published by http://ard.bmj.com/ Downloaded from around the affected vessels and generalized infiltration with such cells occurred in the outer part of the epicardium. In five other cases (1, 6, 12, 13, and 14) only healed lesions were detected-intimal fibrosis with variable loss of elastic tissue and disruption of the media with fibrosis (Fig. 8) . These lesions were accompanied by many small organizing infarcts in Case 6. A peculiar focal accumulation of lymphocytes and histiocytes was seen in the media and adventitia in an artery in the right ventricle in Case 3. This was accompanied by some distortion of the vessel wall but no necrosis was seen (Fig. 9) lesions in the heart (Cases 6 and 8). In others there were decided differences between cardiac and extracardiac lesions. Thus in Case 2 the tracheal and nerve lesions affected small arteries and were at a more advanced stage than in the heart ( Fig. 10 ; and see Cruickshank, 1952, Fig. 19 ), and in Case 13 active arteritis was seen in nerve, whereas the cardiac lesion was healed. In Case 8, the arteritis in muscle and nerve was subacute as in the heart (see Cruickshank, 1952, Figs 17 and 18), but in the oesophagus a smaller vessel showed more recent necrosis accompanied by round-cell infiltration (Fig. 11, overleaf) . Acute necrotizing arteritis affecting a larger vessel was seen in a nodule in the breast in Case 17 (Fig. 12, overleaf) 
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group.bmj.com on October 29, 2017 -Published by http://ard.bmj.com/ Downloaded from ARTERITIS OF RHEUMATOID ARTHRITIS although sections were examined from lung, liver, kidney, and spleen in all cases, and from other tissues such as gut, pancreas, lymph nodes, pituitary, adrenal, brain, and bone marrow in up to one-third of the total series. Discussion Arteritis, or evidence of previous arteritis, was found in eighteen of the 72 cases of rheumatoid arthritis studied at autopsy. These eighteen cases have been subdivided into two groups on the basis of the presence or absence of cardiac lesions indicative of rheumatic carditis. Practically all the arterial changes seen in Group I can be identified with past or present rheumatic carditis, and with one exception they were confined to the heart. In Group II there was no evidence of rheumatic heart disease, nor were any of the other conditions present which are associated with more or less generalized arteritis, e.g. polyarteritis nodosa, systemic lupus erythematosus, etc. The other pathological processes found at autopsy in this group are listed in Table IV . It is thus evident that the only features common to this group of eleven cases are rheumatoid arthritis and arteritis. The changes seen in the vessels were very similar to those described in the muscles by Sokoloff and others (1951) . The vessels involved were usually small arteries of the muscular type, though arterioles can be affected (Cases 2 and 5). The anatomical distribution favoured those tissues in which other lesions are known to occur in rheumatoid arthritisthe heart (nine cases), peripheral nerves (five cases), skeletal muscles (three cases), and synovial tissue (one case). Arteritis was only occasionally seen in the viscera, and did not occur in the organs usually affected in other forms of arteritis. Damage to the vessel was usually less severe than that encountered in polyarteritis nodosa, so that aneurysm formation was not seen and thrombosis was seen only twice (Cases 8 and 11). Nevertheless, necrosis was a feature in a few instances (Cases 2, 8, and 17), and destruction of elastic tissue and haemosiderin pigment were also encountered. The cellular reaction was of subacute type and affected the adventitia to a greater extent than the other two coats. That the vascular damage may occur over a considerable period of time is indicated by the presence of lesions at several stages of development in some of the patients (Cases 5, 8, 13, and 17) .
None of these arterial lesions is specific, but the changes encountered in these cases of rheumatoid arthritis differ in several respects from the lesions of other tylpes of arteritis. Viscera other than the heart have been examined in a sufficient number of cases of rheumatoid arthritis to indicate that they are not usually involved. The anatomical distribution, apart from the heart, differs from that of rheumatic fever, polyarteritis nodosa, systemic lupus erythematosus, dermatomyositis, scleroderma, Henoch-Schonlein purpura, or temporal arteritis. The last two conditions can also be distinguished by the morphology of the lesions. Although individual lesions encountered in rheumatoid arthritis and in the other arterial diseases have certain resemblances, the rheumatoid cases lack the other changes characteristic of these diseases, and the general picture of the vascular changes in rheumatoid arthritis differs from that in the other diseases.
The high incidence of cardiac arteritis in rheumatoid arthritis helps to explain some of the difficulties in the interpretation of the cardiac pathology of the disease. The occurrence of rheumatic heart disease in various studies has been reviewed recently by Sokoloff (1953) , who records an incidence varying from 18 to 66 per cent. These figures cannot be regarded as completely accurate, for most of the studies have been reported from America and include cases of ankylosing spondylitis along with those of rheumatoid arthritis. However, when allowance is made for such cases the figures still show a similar wide divergence. This may be partly due to sampling errors, for several of the series have been small, but a more important factor is the variation in the criteria of diagnosis of the cardiac lesions. In the present series, only severe valvular damage (other than calcific aortic stenosis), active valvulitis, myocardial Aschoff bodies, and involvement of the left endocardium were accepted as diagnostic of rheumatic heart disease, and by 143 group.bmj.com on October 29, 2017 -Published by http://ard.bmj.com/ Downloaded from ANNALS OF THE RHEUMATIC DISEASES these criteria, twelve cases (17 per cent.) were found to be affected. Very similar criteria were adopted by Bayles (1943) and Bennett (1943) , who recorded incidences of 23 and 15 per cent. respectively in smaller series; in Sokoloff's series of 105 cases, 4 per cent. showed "frank rheumatic heart disease". Most writers who have recorded higher incidences do not define their criteria of rheumatic heart disease with precision, and some even include cases with only pericarditis (Young and Schwedel, 1944) .
If cases showing such features as pericarditis, arteritis, perivascular scars, and diffuse myocarditis in some combination were included in this series, the incidence would correspond to the higher figures previously reported, for by these standards forty cases (55 per cent.) could be regarded as positive. Coronary arteritis of the type seen in polyarteritis nodosa has been recorded by many observers in rheumatic carditis (Geipel, 1907; Wohlwill, 1923; MacCallum, 1925; Klinge and Vaubel, 1931; Wild, 1933; Collins, 1938; Rich and Gregory, 1943; McKeown, 1945; de Brux, 1948; Pagel, 1951) , and vascular lesions of the same type have been described in systemic lupus erythematosus (Klemperer and others, 1941; Coburn and Moore, 1943; Griffith and Vural, 1951) , in dermatomyositis (Fahr, 1921) , and in scleroderma (Pollack, 1940) . Many of the arterial lesions described in the heart in rheumatoid arthritis in this and previous studies have represented the end result of an active arteritis. It is probably justifiable to regard such old lesions as rheumatic if other diagnostic lesions are present (Group I), but such a conclusion does not seem warranted in the absence of other evidence of rheumatic heart disease (Group II). Likewise pericarditis as an isolated finding cannot be regarded as rheumatic (Smith and Willius, 1932) , and diffuse or focal myocarditis without Aschoff bodies occurs in many conditions other than rheumatic carditis (Saphir, 1941 (Saphir, , 1942 .
Although this study indicates that arteritis is an important feature of the pathology of rheumatoid arthritis, it affords no clue to the pathogenesis of the arteritis. Analysis of the cases in Group II shows no striking correlation between the arteritis and any other feature of the disease. The average age of the patients and the sex incidence are the same as that for the whole series of 72 cases. Clinical activity at the time of death was seen in a much higher proportion of cases in Group 11 (6/11) than in the remaining cases where such information was available (14/58). But No association could be established between the arteritis and any therapeutic agent, except possibly in Case 8. This patient had a mild gold dermatitis 3 weeks before his death. The skin lesion cleared up within a few days on BAL treatment, and no other evidence of a reaction to gold was seen clinically or in the tissues. Death was due to acute liver necrosis accompanying viral hepatitis. Gold was used in treatment in many other cases in the whole series, including Cases 1 and 2, but no lesions attributable to toxicity were seen. Toxic reactions in eight cases lacking evidence of arteritis were directly related to the fatal outcome. The writer is not aware of any record of arteritis complicating treatment with gold in human patients, nor accompanying the production of renal damage with large doses in animals (Brown and others, 1926; Orestano, 1933; Cortell and Richards, 1942) . None of the patients in this series had received ACTH or cortisone.
The incidence of arteritis in rheumatoid arthritis is probably considerably higher than that recorded here, for several cases were incompletely examined.
Excluding the twelve cases with rheumatic heart disease, multiple blocks were taken from the heart in 33 cases, eight of which showed arteritis, whereas 144 group.bmj.com on October 29, 2017 -Published by http://ard.bmj.com/ Downloaded from a single block was taken in 27 cases and only one showed arteritis. Synovial tissue, muscle, and nerve were examined in only one-third to one-half of the total number of cases. Examination of serial sections might also have increased the incidence.
Summary
(1) Vascular lesions were sought for in the heart and in other organs and tissues in 72 fatal cases of rheumatoid arthritis.
(2) Arteritis, past or present, was encountered in eighteen cases. In seven of these, lesions diagnostic of rheumatic heart disease were also found and the vascular involvement was mainly confined to the heart. In the remaining eleven cases, there were no pathological processes other than rheumatoid arthritis which might be associated with the arteritis, and the vascular lesions are considered to be the arteritis of rheumatoid arthritis.
(3) The arteritis of rheumatoid arthritis was encountered most frequently in the heart, muscles, and nerves, and occasionally in synovial tissue.
No vascular lesions were encountered in those viscera which are commonly affected in other forms of generalized arteritis, though diseased vessels were sometimes found in certain unusual situations, e.g. periosteum, oesophagus, trachea.
(4) The arteritis usually seemed to be of subacute form, sometimes with necrosis, and it affected small arteries or arterioles. Thrombosis was unusual and aneurysm formation was not seen. Individual patients sometimes showed arterial lesions in different stages of development.
(5) The pathogenesis of the arteritis remains obscure. The vascular lesions were never regularly associated with any other lesion.
(6) The arteritis of rheumatoid arthritis, though not specifically identifiable, can be differentiated from that of polyarteritis nodosa, rheumatic fever, systemic lupus erythematosus, temporal arteritis, dermatomyositis, and scleroderma.
(7) The relation of arteritis of coronary vessels to the incidence of rheumatic heart disease in rheumatoid arthritis is discussed.
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